2014-0045
Version 15; July 29, 2019

A Pilot Study of Talazoparib as a Neoadjuvant Study in Patients with a Diagnosis of Invasive
Breast Cancer and a Deleterious BRCA Mutation

IND NUMBER: 125080

Study Chair: Jennifer K. Litton, M.D.
Associate Professor, Departments of Breast Medical Oncology
The University of Texas MD Anderson Cancer Center
1515 Holcombe Boulevard, Unit 1354
Houston, TX 77030
(713) 792-2817 tel.
(713) 794 4385 fax.
jlitton@mdanderson.org

Co-Chair:  Banu K. Arun, M.D.
Professor, Department of Breast Medical Oncology
The University of Texas MD Anderson Cancer Center

Collaborators:

Gordon Mills, M.D., Ph.D.

Director, Precision Oncology, Knight Cancer Institute

Professor, Cell, Developmental and Cancer Biology

Director, SMMART Trials, Knight Cancer Institute

Wayne and Julie Drinkward Endowed Chair, Precision Oncology, Knight Cancer Institute
Oregon Health & Science University (OHSU)

Helen Piwnica-Worms, Ph.D. Vice Provost, Science
The University of Texas MD Anderson Cancer Center

Naoto T Ueno, M.D., Ph.D.
Professor, Department of Breast Medical Oncology
The University of Texas MD Anderson Cancer Center

Stacy Moulder, M.D.
Associate Professor, Department of Breast Medical Oncology
The University of Texas MD Anderson Cancer Center

Funda Meric-Bernstam, M.D.
Professor and Chair, Investigational Cancer Therapeutics
The University of Texas M.D. Anderson Cancer Center



2014-0045
Version 15; July 29, 2019

Gary Whitman, M.D.
Professor, Department of Diagnostic Imaging
The University of Texas M.D. Anderson Cancer Center

Constance Albarracin, M.D., Ph.D.
Associate Professor, Department of Pathology, Division of Pathology/Lab Medicine
The University of Texas MD Anderson Cancer Center



2014-0045
Version 15; July 29, 2019

Table of Contents

TaDLE OF CONLENLS. ....eeeeiieiiieiieeieeeee ettt ettt ettt e et e et e eebe e aeeesbeeseesaseeseeesseeseesnseensseenseensns 3
1.0 OBJECTIVES AND RESEARCH HYPOTHESIS .........cccioiiiiiiieeeeeeeeee e 6
1.1 Primary ODJECHIVES .........c.oooiriiiieiieiieee ettt 6

1.1.1  To evaluate the feasibility of using Talazoparib prior to initiating standard
NE0AdJUVANE tNETAPIES ...eeevvieiiieiieiie ettt ettt et teestee b e e ssaeenbeesseeenseeens 6

1.1.2  To evaluate the toxicity profile in women taking Talazoparib in the neoadjuvant
SEEEITIE .. vt eteeeiieette ettt e et e et e et e st e enbeesabeesbeeeabe e beeenbe e beeeabeenteeenbeensaeenbeesaeenbeennaeensean 6

1.1.3  In an expansion cohort, to estimate the pathologic complete response to talazoparib
in 4 and up to 6 months of therapy prior to definitive surgery. ............ccccccevvenne 6

1.2 Secondary ODJECTIVES ...........cccooiiiiiiiiiiiiiiccece ettt 6

1.2.1  To provide first estimate of clinical response to Talazoparib in the neoadjuvant setting
1N @ PUOL 1AL SELINME. .. .iiiiieiieiie ettt st e st e e e seeeeaeeas 6

1.2.2  To evaluate biomarkers of therapy efficacy as well as initiate patient derived

xenograft (PDX) modelS:........oouiiiiiiiieieeee e 6

1.3 Research Hypothesis.............ccoooiiiiiiiii e 6
2.0 BACKGROUND ..ottt ettt ettt ettt ettt ettt enesaeens 7
2.1 Breast CamCer ..........ccooooiiiiiiiiiciiiee ettt 7
2.2 Primary Systemic Therapy: Historical Perspective................c..cccoeiniininnineieee. 7
2.3 Pathological ASSESSIMENT ...............ccocoeiiiiiiiiiiieiieieieeeee et aenas 8
2.4 Phase Il and III Randomized PST Breast Cancer Trials ... 8
2.5 Current Primary Systemic Chemotherapy Regimens..................c.ccoocciniiinnnenne. 10
2.6 Primary Systemic Therapy in Operable Breast Cancer .................cccocccconvivnnnene. 11
2.7 Role of the Pathological Complete Response in Breast Cancer ..................ccccooeeeee. 12
2.8  BROCA MULATIONS .....coooviiiiiiiiiiiie ettt s et nea 13
2.9 PARP INRIDIEOTS. ..o 14
2,10 Talazoparib...........coccooooiiiiiiiiee ettt ene e 15
2.10.1 Nonclinical Study Findings for Talazoparib.................ccccoovviiiiiiiiniieen 16
2.10.2 Preliminary Clinical Study Findings for Talazoparib ................................... 16
2.10.3 Preliminary Findings from this Trial as of 3/11/2016................cccccoveeninnnnn. 18

3.0 RATIONALE FOR THE CURRENT STUDY .....cooiiiiiiiiiiieieeeeeeeceeeeeeeesee e 18
4.0 TREATMENT PLAN ... .ottt ettt et e eanees 19
4.1 SEUAY DESIGI ...ttt 19
4.2 ENGIDILIEY ...ooooiii s 19
4.2.1  Inclusion Criteria: ...........occooiiiiiiiiii e 19
4.2.2  EXclusion Criterias ..........occooiiiiiiiiiiiiee e 20



2014-0045
Version 15; July 29, 2019

4.3 Treatment Administration Plan ... 21
431 SHTUAY VISIES...ooiiiiiiiiiiee et s 22
4.3.2  Biopsies/Correlative Studies ...............ccooviiiiiiiiiiniiiii e 22
4.3.3  Progression While on Study.............coociiiiiiiiiiiie e 23
T TR N 11 | ) o USSR 23

4.4 Duration Of STUAY ..........cooooieiiiee ettt eaen 23

4.5 STUDY DESIGN SCHEMA (Original Study Schema) .................cocccoooiiiinniie. 24

4.6  Do0se MOAIICATION ...........ooooiiiiiiiiii et 25

4.7 Concurrent and SUPPOTLTIVE CATE............cocooiriiirieiieieeeeeeee e 26

4.8 Criteria for discontinuation of study drug..................cccocoooiiiiieiineeee 26

4.9 Criteria for Feasibility and Response..................ccccocooiiiiiniinieeceeeee e 27

5.0 CORRELATIVE STUDIES ..ottt ettt st 29

S0 BHOPSIES. ...ttt ettt se st se et se et neeseneas 29

5.2 Patient Derived Xenografts (PDX)...........cccooiiiiiieeeeeeee 29

5.3  Circulating Biomarkers ............c..occccoiiiiiiiiccceec et 31

6.0 STUDY DRUG COMPLIANCE AND ACCOUNTABILITY ....ccoooiiiiiiiiiiieieeieee 33
6.1 Assessment of Complianee ... 33
6.2 Assessment of Accountability ... 33

7.0 ADVERSE EVENT REPORTING AND DATA COLLECTION..........cccceooiniennen. 33

Tl AdVErse EVENLS ..o 33

7.2 Adverse Event Reporting Guidelines .....................cccooooiiiiiiinicceeeeee 34

7.3 Investigator Communication with Supporting Companies..................cccccoeeennenne. 35

T4 MONILOTIIE ...ttt ettt seas 36

7.5 Adverse Event Data ColleCtion ..ot 36

7.6 AE/SAE FOHOW UP ......cociiiiiiiiiiiicc ettt 37

7.7 Product Complaints Reporting.................ccccoovevrernennnn. Error! Bookmark not defined.

8.0 STATISTICAL ANALYSIS Lttt ettt 37

9.0 PUBLICATION OF TRIAL RESULTS ...t 38

10.0 STUDY CALENDAR ...ttt ettt st 38

11.0 REFEI@ICES. ...ttt st ettt e st e e aee 40



List of Abbreviations

AE Adverse Event

ALT alanine aminotransferase

AST aspartate aminotransferase
b.i.d. bis in diem/twice a day
Chem-12 Comprehensive metabolic panel
CRF Case Report/Record Form
CS&E Clinical Safety and Epidemiology
CR Clinical Research

CRO Contract Research Organization
DFS Disease-free survival

ECG Electrocardiogram

IEC Independent Ethics Committee
1Lv. intravenous(ly)

IRB Institutional Review Board
LFT Liver Function Test

o.d. omnia die/once a day

oS overall survival

pCR pathologic complete response
p.o. per os/by mouth/orally

PST preoperative systemic therapy
RCB residual cancer burden

REB Research Ethics Board

SAE Serious Adverse Event

SOP Standard Operating Procedure
TNBC Triple negative breast cancer
WHO World Health Organization

2014-0045
Version 15; July 29, 2019



2014-0045
Version 15; July 29, 2019

1.0 OBJECTIVES AND RESEARCH HYPOTHESIS

1.1 Primary Objectives

1.1.1

1.1.2

1.1.3

1.2

1.2.1

1.2.2

1.3

To evaluate the feasibility of using talazoparib prior to initiating standard
neoadjuvant therapies

To evaluate the toxicity profile in women taking talazoparib in the neoadjuvant
setting

In an expansion cohort, to estimate the pathologic complete response to talazoparib in 4 and
up to 6 months of therapy prior to definitive surgery.

Secondary Objectives

To provide first estimate of clinical response to talazoparib in the neoadjuvant setting in a
pilot trial setting.

To evaluate biomarkers of therapy efficacy as well as initiate patient derived xenograft
(PDX) models:
Targeted or whole exome sequencing for BRCA pathway mutations and other somatic
and germline alterations
RNA sequencing
Evaluation of changes in immune response
Transcriptional profile to assess TNBC subtype, BRCA-ness signature and putative
PARP sensitivity predictors
Functional proteomics with reverse phase protein array (RPPA)
Generate PDX models and mammosphere cultures from patient derived tumors
PTEN, gamma-H2A X, Ki-67 and cleaved caspase 3 by [HC

Research Hypothesis

Sequential administration of Talazoparib followed by an anthracycline and taxane regimen in
patients with a known BRCA deleterious mutation will be well tolerated and show response to
single agent therapy.

A biomarker-defined population can be identified in which a higher pCR rate is observed in
subjects treated with Talazoparib followed by anthracycline and taxane systemic therapy.

PDX models will provide models to understand sensitivity and resistance mechanisms.
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2.0 BACKGROUND

2.1 Breast Cancer

Invasive breast cancer is the most common malignancy in women worldwide. In the United States,
breast cancer is the most common female cancer, the second most common cause of death in
women (after lung cancer), and is the main cause of death in women between the ages of 45 and 55.
[1] However, over the last decade the mortality rate has declined in the United States and United
Kingdom largely because of widespread use of mammography, breast cancer screening programs,
advances in evaluation technique, and more effective adjuvant treatments. [2]

Studies that compared preoperative (neoadjuvant or primary systemic therapy) and adjuvant
chemotherapy in patients with early stage breast cancer have shown no difference in overall
survival or disease free survival. [3] Primary systemic therapy (PST) is increasingly being used in
the management of patients with early breast cancer. Neoadjuvant chemotherapy allows for
monitoring of response to chemotherapy and enhances chances of breast conservation surgery
and/or a better cosmetic outcome following mastectomy in patients with locally advanced breast
cancer. [4, 5] Additionally, the neoadjuvant setting is ideal for correlative studies to identify breast
cancer patients likely to best respond to therapy. The provision of a surgical specimen, at the end of
therapy, allows for a more rapid assessment of response (pathological responses) than adjuvant
trials. Pathological complete response (pCR) is widely accepted as a valuable prognostic indicator
of long-term outcome after neoadjuvant therapy. [6]

2.2 Primary Systemic Therapy: Historical Perspective

The rationale for considering the evaluation of primary systemic therapy (PST) in patients with
operable breast cancer began to evolve as clinical observations demonstrated the utility of this
approach in patients with locally advanced breast cancer (LABC), [7-9] and inflammatory breast
cancer (IBC). In addition, preclinical observations, [10, 11] and mathematical models of tumor
growth, dissemination, and development of resistance to chemotherapy support the use of PST
rather than adjuvant therapy. These could lead to achieve longer disease-free survival (DFS) and
overall survival (OS), presumably through early treatment of systemic micrometastatic disease.
Since its initial use in the early 1970s, PST has become the standard of care for management of
LABC and IBC, and increasingly been used for treatment of large operable and more recently for
early-stage breast cancer.

Chemo-, hormone-, and anti-HER?2 therapies are potential PST options for the different sub- types
of breast cancer. PST provides several advantages, including down-staging allowing surgery for
non-operable breast cancer, and increasing breast-conservative surgery rate in patients with large
operable breast cancer. It also provides an early surrogate factor, pCR, for long-term outcome and
in-vivo model to assess clinical benefit and finally a research tool for understanding breast cancer
biology and treatment mechanisms of action(s). pCR has also been recently added as an appropriate
endpoint for FDA approval pathways in breast cancer.
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2.3 Pathological Assessment

A variety of endpoints can be used to measure outcomes of PST for breast cancer other than
directly measuring survival (DFS, and OS), which requires a large number of patients and long
term follow-up. These endpoints included clinical response, radiologic response, rate of breast
conservative surgery (BCS), and pathologic response. The results of several studies have been
shown that pCR is predictive of long-term survival. [12-15] At present, the achievement of pCR
has emerged as the primary end point of most interest in the clinical research literature. Attainment
of pCR is associated with a favorable prognosis; such patients have a far lower risk of subsequent
recurrence than do patients with residual invasive tumor at the time of surgery, and also seem to
have improved overall survival. Despite the strong evidence of predictive value of pCR in this
context, there is no consensus on the measurement of this important endpoint. Clinical and
pathological responses are both frequently used as objective measurements of effectiveness of PST.
Three of the most commonly used criteria in the literature are those by Sataloff et al [15], Feldman
et al, [12] and most recently Symmans and collaborators from the University of Texas, MD
Anderson Cancer Center. The first 2 sets of criteria have some overlap but, for the most part, differ
from each other.

In general, 60% to 90% of patients with invasive breast cancer show clinical response, however,
only 3% to 30% of patients achieve pCR. Two large studies using PST, NSABP B-18 and B-27
defined pCR as no residual invasive cancer in the breast after PST and at the time of surgery,
whereas other studies also take node status and noninvasive cancer into account. An International
Expert Panel recently recommended that pCR be defined as no invasive or noninvasive tumors in
the breast and axillary tissues removed at the time of surgery. [7]

Symmans et al [16] showed a continuous index combining pathologic measurements of the primary
tumor (size and cellularity) and nodal metastases (number and size) and tested as an independent
predictor of distant relapse-free survival. Patients with minimal residual disease (RD) (RCB-I)
carried the same prognosis as pCR (RCB-0). On the other hand, patients with extensive RD (RCB-
IIT) had poor prognosis. RCB was independently prognostic in a multivariate model that included
age, pretreatment clinical stage, hormone receptor status, hormone therapy, and pathologic
response (pathologic complete response [pCR] vs. RD; hazard ratio = 2.50; 95% CI 1.70 to 3.69; P
<.001). Seventeen per cent of patients had minimal RD (RCB-I). These patients carried the same
prognosis as pCR (RCB-0). Extensive RD (RCB-III) was seen in 13% of patients. It was
associated with poor prognosis, regardless of hormone receptor status, adjuvant hormone therapy,
or pathologic American Joint Committee on Cancer stage of residual disease. The calculation
formula and detailed description can be found at a dedicated Web site:
http://www.mdanderson.org/breastcenter RCB.

2.4 Phase II and III Randomized PST Breast Cancer Trials

Several large Phase III trials investigated the efficacy of chemotherapy when administered as PST
compared with adjuvant systemic treatment.
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In 1998 the National Surgical Adjuvant Breast and Bowel Project (NSABP) conducted a large
phase III study (NSABP P-18) to compare PST and post-operative chemotherapy. [6, 17, 18]

A total of 1,523 patients with T1-3 NO-1 MO breast cancer were randomized to receive four cycles
of doxorubicin and cyclophosphamide (AC) either as PST or adjuvant therapy. Breast tumor size
was reduced in 79% of patient after PST, and 36% had a clinical complete response (cCR) rate,
43% clinical partial response (cPR), and a 13% pCR. Clinical nodal response was observed in §89%
of patients with node-positive disease; 73% had nodal cCR, and 44% of these patients had pCR. At
9 years, the authors reported no difference in DFS (67% for both groups) or OS (69% PST vs. 70%
adjuvant groups; P = .80). However, there was a favor trend in favor of PST in women less than 50
years old (HR 0.85, P =.053). The investigators reported that the use of PST improved BCS from
60% to 67% (P <.01). Even with improved rates of BCS, there was no statistically significant
difference in the rate of local recurrence between treatment groups (P =

.12). A marginal increase in the rate of local recurrence for patients who were converted from
proposed mastectomy to segmental mastectomy (15.9%) was seen when compared with patients
who were eligible to undergo segmental mastectomy as per initial plan (9.9%) (P =.04). This
difference loses statistical significance after controlling for age and initial clinical tumor size.

NSABP B-27, a large prospective randomized trial, [ 14, 19] was designed to evaluate whether the
addition of docetaxel to AC PST would prolong DFS and OS and improve clinical and pathologic
tumor response rates. Women with operable breast cancer (n = 2,411) were randomly assigned to
receive either 4 cycles of PST AC followed by surgery (Group 1), 4 cycles of AC followed by 4
cycles of docetaxel, followed by surgery (Group 2), or 4 cycles of AC followed by surgery and then
4 cycles of docetaxel (Group 3). The addition of docetaxel to AC increased pCR rate (26.1% vs
13.7%; P <.001). pCR was a significant predictor of OS (HR 0.33, P <

.0001). The pathologic nodal status after chemotherapy was also a significant prognostic factor for
OS (P <.0001). However, this study did not prospectively assess the role of docetaxel in
patients with residual disease after PST AC. There was no stratification after AC. The patients with
all eight cycles of PST administered up front had a trend toward improvement in RFS. [14] One
caveat with this study is that at the time it was conducted, all patients received tamoxifen, which
was initiated concurrently with chemotherapy, regardless of hormone-receptor status. The
simultaneous administration of tamoxifen and chemotherapy may have decreased the benefit from
chemotherapy.

The European Organization for Research and Treatment of Cancer (EORTC) Trial 10902
randomized 698 patients with stage I to I1IB breast cancer to receive four cycles of PST or adjuvant
FEC-100. [20] The primary objective of this study was to determine the impact of timing of therapy
on DFS and OS. After a follow-up of 4-years the OS was 82% for PST group compared to 84% for
those treated in the adjuvant setting (P = .38). For patient who received PST, the overall response
rate (ORR) (cCR + cPR) was 49% and cCR 7%. Thirteen of 350 patients (4%) in the PST group
had a pCR. For this study, response was determined by both clinical examination and changes with
the mammogram, possibly explaining the low overall clinical CR. PST was associated with an
increased rate of 35% BCS compared to 22% for the control group. The rate of locoregional
recurrence was equivalent between treatment groups.

The European Cooperative Trial in Operable (ECTO) Breast Cancer randomly tested the efficacy
of postoperative chemotherapy doxorubicin followed by cyclophosphamide, methotrexate, and
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S-fluorouracil (CMF) or doxorubicin and paclitaxel (AP) followed by CMF versus PST consisting
in AP followed by CMF. [21, 22] A total of 1,355 patients entered the study. Overall, PST induced
a clinical response in 78% of the patients and pCR 23%. There was no significance in RFS when
AP/CMF was given before surgery compared with the same regimen given after surgery (HR, 1.21;
P =.18) However, the rate of breast-conserving surgery was significantly higher with preoperative
chemotherapy (63% vs. 34%; P <.001)

The wide variety of PST clinical trials recently completed or ongoing in early breast cancer reflects
the pressing need to identify the most effective agents and regiments to optimize both surgical and
long-term outcomes for these patients.

Lastly, Buzdar el al [23] compared two taxane schedules (weekly paclitaxel [WP] x 12 versus 3-
week docetaxel plus capecitabine (DC) x 4 cycles, followed by: FEC-100 x 4 cycles. Patients were
randomized 1:1 and stratified by the timing of therapy (PST vs. adjuvant). A total of 216 patients
were treated with PST and 107 were randomized to WP arm and 109 to DC arm. The pCR rates
were 18.7% and 17.4% on each arm, respectively (P = .81). The DC arm had higher incidence of
hand foot syndrome, and myelosuppression, and WP treatment higher neurotoxicity. The primary
endpoint was DFS, and the secondary endpoint pCR. The study was designated to include 930
patients to have 80% power. After interim analysis in June 2008 by the data monitoring committee
the study was closed due to futility. The authors concluded that WP and DC in the PST setting had
same efficacy and WP was associated with better tolerance and less toxicity.

2.5  Current Primary Systemic Chemotherapy Regimens

Pathological complete response rates are generally higher with anthracycline-based combinations
than with regimens not containing anthracyclines (doxorubicin or Epirubicin). Consequently, most
PST regimens for breast cancer are anthracycline-based combination: AC
(doxorubicin/Cyclophosphamide); FAC (fluorouracil/doxorubicin/cyclophosphamide); CE
(cyclophosphamide/epirubicin); and FEC (fluorouracil/epirubicin/cyclophosphamide). However,
other non-anthracycline based drug combinations, such as CMF
(cyclophosphamide/methotrexate/fluorouracil) with or without a taxane, are also in common use.
Increased duration of chemotherapy administration from 12 to 18 weeks or longer improves pCR
rates. [5] The addition of paclitaxel or docetaxel to anthracyclines based regimes has resulted in
pCR of up to 28.2%. [24] The Aberdeen study showed that tumors that did not respond to an
anthracycline-based regimen may respond to docetaxel. Additionally sequential and non-
concomitant addition of taxane to anthracycline-based chemotherapy results in higher pCR rates.
[25]

Additionally, from data presented at the San Antonio Breast Cancer Symposium in 2013 by Sikov,
et al [26] evaluated the addition of both carboplatin and bevacizumab in a 2 x 2 trial design to
neoadjuvant weekly paclitaxel and AC. There was a 13% absolute difference in pCR. However,
given toxicity profile, this combination has been administered but as of the date of this protocol, not
added to the Institutional or NCCN guidelines. Therefore given that this trial is being written while
there is a shifting landscape of neoadjuvant regimens in the neoadjuvant setting, we will refer to the
physician’s treatment of choice that includes a taxane, anthracycline and may or may not include
carboplatin.

10
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Table 1 shows multiple studies in the literature reporting pCR rates

Table 1: Pathological Response Rates in the Literature

Trial/Reference | No. of Patients Agent(s) No. of Cycles pCR (%)
Fisher [6] 15 AC X 9
Buzdar [27] 87 Paclitaxel X 9
Amat [28] 80 Docetaxel X 20
NSABP B27 15 AC X 13
[19] 02 4
Aberdeen [29] 47 CVAP-Docetaxel X4 and x4 34
Green [24] 25 T-FAC 12wandx 4 | 15.7 (q3w Pac)

8 28.1 (qw Pac)
SWOG0012 [30] 26 AC-Pac X4and 12w 17%
CALGB 40603 45 Paclitaxel +/- X12wand x 4| 54 vs 41% for
(Alliance)[26] 4 carbo-AC addition of
TNBC only second carbo
comparison was
with
bevacizumab

AC = doxorubicin and cyclophosphamide; CVAP = cyclophosphamide, vincristine, doxorubicin
and prednisone; FAC = Fluorouracil, doxorubicin, and cyclophosphamide; T = Paclitaxel.

2.6  Primary Systemic Therapy in Operable Breast Cancer

The Breast Medical Oncology Department at MD Anderson has been one of the pioneers in the use
of neoadjuvant chemotherapy for the treatment of breast cancer. The sequential or concurrent
administration of taxane and anthracycline constitute the backbone of early breast cancer treatment.

PST has several potential advantages compared with the traditional strategy of surgery followed by
adjuvant chemotherapy. PST reduces the size of the primary tumor and lymph node metastasis in
greater than 80% of cases, increasing the probability that breast-conserving surgery can be
performed. [12-15] A second advantage of this sequencing schedule is that it permits the
assessment of response of the primary tumor to the particular chemotherapy regimen. This
assessment allows the opportunity to “cross-over” to a different regimen for an individual patient if

11
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there is minimal or no response to the first regimen. These and other theoretic advantages for PST
must be balanced carefully with other aspects of individual patient management.

One of the first considerations for studying PST for breast carcinoma was to investigate whether
earlier delivery of chemotherapy offered the possibility of improved survival in patients with
locally advanced breast carcinoma. To test these concepts, the National Surgical Adjuvant Breast
and Bowel Project (NSABP) began the B-18 trial to test whether sequencing chemotherapy before
surgery would improve outcomes. [12-14] The trial enrolled 1523 patients with early- stage,
operable breast carcinoma and randomized them to receive four cycles of
doxorubicin/Cyclophosphamide (AC) either before or after surgical treatment. The primary end
points of this trial were disease-free survival (DFS) and overall survival (OS). With respect to these
end points, the trial was a negative study. After 9 years, the OS and DFS were nearly identical
between the two groups (P = .80, P =0.5, respectively). A second large randomized prospective trial
that directly compared the sequencing of chemotherapy and surgery was performed by the
European Organization of Research and Treatment of Cancer (EORTC). [15] This trial randomized
698 patients to preoperative or postoperative chemotherapy comprised of four cycles of FEC (5-
Fluorouracil, Epirubicin, and Cyclophosphamide). Like the NSABP B-18 trial, the EORTC study
demonstrated equivalent survival and rates of distant metastases between the two treatment arms.

Gianni el al, [16] randomized 1,355 patients with breast cancer > 2 cm to three groups: adjuvant
doxorubicin (A) followed by cyclophosphamide, methotrexate, and 5-FU (CMF) (Sx—A—CMF);
adjuvant doxorubicin and paclitaxel (AT) followed by CMF (Sx—AT—CMF); and neoadjuvant
AT followed by CMF (AT—CMF—Sx). pCR rates in the neoadjuvant arm were 23% in breast
only and 20% in breast plus axilla patients. The breast conservative treatment rate was also better in
this arm (65% vs. 34%; P <.001). At 5 years of follow up, adjuvant chemotherapy was similar to
PST in terms of freedom for progression (P =.24) and OS (P = .81)

A recent meta-analysis addressed directly the question of neoadjuvant versus adjuvant
chemotherapy. [17] Nine randomized clinical trials involving 3,946 patients were included. pCR
rates were highly variables among these trials. Six trials had a higher rate of BCT after PST. No
difference was observed between the two arms for death, disease progression, or distant recurrence.
Surprisingly, PST was associated with a higher locoregional recurrence (risk ratio, [RR] 1.22; P =
.15). This greater risk was largely attributed to those trials in which radiation alone without surgery
was used in patients who achieved a clinical complete response to PST. (RR, 1.53; P =.009).

2.7  Role of the Pathological Complete Response in Breast Cancer

A pathological complete response (pCR) implies the absence of residual invasive disease following
PST. Pathological complete response is associated with long-term survival, and has been adopted
as the primary end point for neoadjuvant trials. While it is generally held that a definition of pCR
should include patients without residual invasive carcinoma in the breast (pTO0), the presence of
nodal metastasis, minimal residual cellularity, and residual in situ carcinoma are not consistently
defined as pCR or residual disease (RD). When there is no residual invasive cancer in the breast,
the number of involved axillary lymph nodes is inversely related to survival. [18] Conversely,
patients who convert to node-negative status after treatment have excellent survival, even if there is
RD in the breast. [19] Symmans and collaborators, [31] recently introduced a residual breast cancer
burden (RCB) index as a novel independent new risk factor that improves the prediction of distant
relapse after PST compared with currently used risk factors. RBC can be divided in four categories:
patients with minimal residual disease (RBC-I) have the same 5-year prognosis as those with pCR

12
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(RBC-0), irrespective of the type of neoadjuvant chemotherapy administered, adjuvant hormonal
therapy, or the pathologic stage of RD. Extensive RD (RBC-III) was associated with poor
prognosis, irrespective of the type of neoadjuvant chemotherapy administered, adjuvant hormonal
therapy or the pathologic stage of RB.

2.8 BRCA mutations

The BRCA genes were first described in families with breast and ovarian cancers through the use
of genetic linkage analysis.[32-34] Since that time, over 5000 different mutations in these genes
have been identified including both private and founder mutations.[35] Overall these mutations are
estimated at 0.1% in the general population. [36-38]

A recent meta-analysis of ten studies estimated the lifetime risk of breast cancer in BRCA1
mutation-carriers to be 47-66% and 40-57% in BRCA2 mutation-carriers. The ovarian cancer risk
was estimated at 35-46% in BRCA1 mutation-carriers and 13-23% in BRCA2 mutation
carriers.[39] Other studies have estimated these risks to be even higher.[40] Given this increasing
risk of cancers, women with cancers in the family at young age, or multiple cases of breast and/or
ovarian cancer have sought genetic testing, not only to further manage their own cancer risk, but
also to share with their family members.

In an analysis by Arun, et al. women with a known BRCA mutation who received neoadjuvant
therapy at The University of Texas MD Anderson Cancer Center were evaluated.[41] Of the
BRCAI carriers, 26/57 (46%) achieved a pCR. In the multivariate model, both BRCA1 and triple
receptor negative breast cancer (TNBC) were independent predictors of pCR. In this cohort >80%
of the patients received an anthracycline and taxane based therapy. Other studies have shown a
significant increase in response to platinum-based therapy in a similar cohort. Silver, et al.
evaluated 28 women with TNBC who received 4 cycles of cisplatin at 75 mg/m?2 every 21 days
with 22% achieving a pCR.[42] Both of the BRCA1 mutation carriers had a pCR in this small
cohort. Therefore neoadjuvant chemotherapy in BRCA mutation carriers will be important to
further identify responders and non-responders.

Interestingly, some studies suggest that BRCA mutation carriers are less sensitive to taxane

chemotherapy in the metastatic setting.[43] Therefore BRCA mutation status as well as optimizing
PST will be ever more important in the early breast cancer setting and may have implications as to
the systemic regimes evaluated in clinical trials and ultimately chosen for patient care in the future.

At our institution, women and men are referred to the Clinical Cancer Genetics service where they
are seen and counseled by a genetic counselor as well as a physician. This service is staffed in the
Breast Center by Dr. Jennifer Litton and Dr. Banu Arun and there are 4 dedicated breast genetic
counselors as well as 2 additional counselors in the Gynecologic Oncology Clinic. In 2012 there
was a total of 1708 genetics consultations through Clinical Cancer Genetics with 818 being in the
Breast Center and 216 in Gynecologic Oncology. Additionally, since the inception of this service,
we have identified over 1000 patients at our institution with a BRCA mutation with that number
expected to increase given the increase in awareness and through outreach through the Women’s
Moonshot Program.

Once a consultation is done, blood is obtained with a usual turn-around time of 2 weeks. Patients

eligible for this protocol and who meet National Testing Guidelines [44] will have a genetics
consultation expedited so as not to delay start of preoperative systemic therapy.
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2.9 PARP inhibitors

Poly-(adenosine diphosphate [ADP]-ribose) polymerase (PARP) is a family of enzymes responsible
for multiple cellular processes, including DNA repair through the base excision repair (BER)
process as well as maintains genetic stability.[45]During DNA repair, when a cell is BRCA
deficient, the DNA is unable to be repaired through homologous recombination (HR) and therefore
depends on BER. PARP inhibitors (PARP1) work by also blocking BER. Therefore when both HR
and BER DNA repair pathways are impaired, DNA repair is thwarted causing “synthetic
lethality.”’[46] Although PARPi have been tested in TNBC, solid tumors, most activity has been
seen to date as single agents concentrated in patients with known BRCA mutations.

Several trials have evaluated PARPi in both triple receptor negative breast cancer (TNBC) as well
as in BRCA mutation carriers. Due to overlapping toxicities of cytopenias, it has been difficult to
give in combination with other systemic chemotherapies such as the taxanes or platinum
compounds. [47, 48]

Below is a brief overview of selected studies that have reported to date. Of note, Iniparib is not
included as it was not shown to have superior efficacy when added to gemcitabine and carboplatin
and later was not found to inhibit PARP. [49]

Study Phase N Intervention Outcome Toxicity MTD
Fong et I 60, 23 | Olaparib 600 Of evaluable Grade 4
al. BRCA | vs. 400 vs. BRCA+ pts: PR or | thrombocytopenia
2009[50] + 200 mg BID and 12/19 with
CBR
Dent, et I 19, all | Olaparib 200 37% with a Neutropenia Neutropenia
al. TNBC | mg BID + PR and one (n=7/9 in first required
2013[47] weekly paclitaxel with a durable cohort, 5 of which opening of
at 90mg/m?2 response remains | were grade 3 or second
on single agent higher) cohort to be
olaparib Nausea and given with
diarrhea G-CSF
Leeectal. |1 45,37 | Escalating Thrombocytopenia,
ASCO ovarian| Olaparib and neutropenia,
Annual and 8 | carboplatin- AUC 3 anemia
Meeting breast | day 8 and q 21
2013 days
Kummar, | I 35, Escalating Partial response in 7 | Thrombocytopenia,
etal. Clin solid | doses of breast cancer neutropenia, anemia
2012[51] tumor | velaparib 20- patients, 6 of whom
and 60 mg x 7 days and [VI® BRCA )
lympho| metronomic cyclo- mutation carriers
ma phosphamide 50 mg
patients| daily
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Rajanet | I 21 Olaparib 100 PARP levels less Thrombo-
al. patients| mg daily on effectively inhibited cytopenia,
2012[48] with | days 14, de- given in shorter ebrile
solid | escalated to duration. Only 2 eutropenia
tumors | day one only, patients had a partial P
+gemcitabine and response
cisplatin
Somloet |1 12 Escalating Velaparib [CBR 74% median | Thrombocytopenia [MTD
al. ASCO BRCA | BID and carboplatin [PFS 7.8 months (requiring de- carboplatin
Annual 1,15 | AUC6 escalation of AUC 5 and
Meeting BRCA carboplatin) velaparib150
2013 2and 1 BID
had
Lot
Bell- I 59 Escalating Neutropenia,
McGuinn advanc | velaparib and leukopenia,
etal. ed solid| carboplatin Thrombocytopenia
ASCO tumors | AUC 4 day 1, and anemia
Annual 39 gemcitabine
Meeting ovarian| 800 mg/m2
Tuttetal. | II 54,27 | Olaparib ORR 41% at 400 mg| Nausea, vomiting,
2010[52] at 400 BID fatigue, anemia
mg bid, ORR 22%
then 27
at 100 at 100 mg
mg
BID
Gelmon | II 91, 65 | Olaparib 400 No objective
etal. open with mg po BID responses in breast
2011[53] | label ovarian cancer cohort
cancer
and 26
with
breast
cancer
Malireddy | Phase I1 Rucaparib IV +
etal. in cisplatin 75 mg/m2
ASCO progress IV q3 weeks x 4
Annual for
Meeting residual
TIP 2013 | disease

2.10 Talazoparib

Talazoparib is an oral PARP inhibitor manufactured by Pfizer. For complete product information

please refer to the Appendix for the Investigator’s Brochure.

15



2014-0045
Version 15; July 29, 2019

BMN-673ts

Talazoparib has been shown to have effective synthetic lethality in BRCA and PTEN deficient cell
lines and xenograft models and was additionally been found to be orally more potent than other
available PARP inhibitors currently being tested.

Poly adenosine diphosphate (ADP)-ribose polymerase (PARP) represents a family of enzymes, of
which at least 2 (PARP1 and PARP2) play important roles id deoxyribonucleic acid (DNA) repair.
The study drug, talazoparib, is a potent and specific inhibitor of PARP 1 and 2 with activity in
tumor cell lines bearing DNA repair deficiencies. PARP inhibition induces synthetic lethality in
tumor cells bearing mutations in the genes encoding breast cancer susceptibility gene 1 (BRCAT1)
and breast cancer susceptibility gene 2 (BRCA2), both of which are key components in the pathway
of repair for DNA double-strand breaks. Treatment with a PARP inhibitor results in cell cycle
arrest and apoptosis.

2.10.1 Nonclinical Study Findings for Talazoparib

The nonclinical study findings for talazoparib are described in full in the IB. The main nonclinical
findings were early hematological changes and subsequent bone marrow and lymphoid organ
depletion, as well as focal necrosis, after repeat administration of talazoparib. These findings were
in accordance with the mechanism of action and the exposure/ distribution pattern of the study drug
and were reversible. The hematological changes, which consisted of decreases in the reticulocyte,
platelet, red blood cell (RBC) and white blood cell (WBC) counts, were a sensitive and early
marker of target organ toxicity and were used to clinically monitor safety.

2.10.2 Preliminary Clinical Study Findings for Talazoparib

Two Phase I studies (PRP-001 and PRP-002) of talazoparib are ongoing and one Phase 3 study
(673-301) was initiated third quarter, 2013.

Medivation initiated the first-in-human study of talazoparib (PRP-001) in the first quarter of 2011.
This is a Phase 1, single-arm, open-label, dose-escalation study of once daily, orally administered

talazoparib for advanced or recurrent solid tumors (those that have defects in DNA repair). PRP-

002, a Phase 1, 2-arm, open-label, dose-escalation study for talazoparib for the treatment of

16



2014-0045
Version 15; July 29, 2019

subjects with advanced hematological malignancies was initiated in July 2011. This study enrolled
subjects with acute myeloid leukemia, myelodysplastic syndrome, chronic lymphocytic leukemia or
mantle cell lymphoma.

The primary objective of the Phase 1 studies is to establish the maximum tolerated dose (MTD) of
once daily, orally administered talazoparib, and to assess the safety, pharmacokinetics (PK),
pharmacodynamics and preliminary efficacy in an expanded cohort of subjects with genetically
defined tumors.

In June 2013, preliminary data from PRP-001 were presented at the American Society of Clinical
Oncology (ASCO) 2013 that are described below [54]. As of June 2013, 70 subjects (60 women/10
men) enrolled into the study; 39 subjects (33 women/6 men) with solid tumors were enrolled in the
dose escalation phase of the study in 9 cohorts ranging from 25 to 1100 pg/day that defined a MTD
of 1000 pg/day. On defining the MTD, 31 subjects with breast cancer, ovarian, and pancreas
cancer with deleterious germline mutations; a small cell lung cancer; and Ewing’s sarcoma, were
enrolled in the expansion phase of the study to further characterize safety and efficacy. The median
(range) age for all 70 subjects was 51.5 years (18 to 81), performance status (PS) was 0 (0 to 1) and
number of prior therapies was 4 (1 to 13), with 47 subjects havin